In this paper we prove the existence of a unique optimal and hard control over solutions of Showalter Sidorov problem for nonstationary model, which is described by Sobolev type equations. In this case, one of the operators in the equation is multiplied by a scalar function of the time-variable, besides stationary equation has a strong continuous degenerate resolving semigroup of operators.
Introduction
In bounded domain Ω ⊂ R n with a bound ∂Ω from class C ∞ consider the boundary value problem ∆x(s, t) = x(s, t) = 0,
for partial dierential equations [1] (λ − ∆)x t = ν(t)∆x − iν(t)d∆ 2 x + u.
Here the coecients λ, d ∈ R describe the parameters of the system, vector function u responds to external inuences on the system and is a function of control. The equation (2) is the equation of Sobolev type [2] . The Sobolev type equations with coecients depending on the time was proposed in [3] . For the rst time the optimal control for stationary Sobolev type equations was considered in [4] . Some technical challenges can be seen as an optimal control problem for nonstationary Sobolev-type equations [5] .
In this paper the optimal control problem for the model (1), (2) are investigated with the help of abstract results. Let X, Y and U be Hilbert spaces. We dene the operators L and M in the following way:
Consider Showalter Sidorov problem [6] 
for Sobolev-type equation [2, 7] 
Consider the penalty functional
where α ∈ (0, 1), k = 0, 1, ..., p + 1, z = Cx, the operator C ∈ L(X; Z), and
an observation from some space of observations Z. Operators N q ∈ L(U), q = 0, 1, ..., k are self-adjoint and positive denite operators. Note that α ∈ (0, 1) and (1 − α) are weighting coecients purposes of optimal control are used to achieve planned targets observable quantity without abrupt changes (the rst term in (5)) and to minimize the resources spent for the control (the second term in (5)). The application of abstract results obtained in [8] is represented in this paper.
Relatively Radial Operators
Recall the standard notation of the theory of relatively p-radial operators [2] .
, and a closure of the
Denition 4. Strong continuous mapping V
is called strong continuous semigroup of solving operators (or C 0 -semigroup of solving operators) for some equation
Semigroup {V (t) ∈ L(V) : t ∈ R + } is called exponentially bounded with constants 
taking into account the amendments, which are discussed in paper [9] .
Remark 2. A unit of the semigroup {X(t) ∈ L(X)
called a strong solution of equation (4), whenever it satises (4) almost everywhere in the interval (0, τ ). Strong solution x = x(t) of equation (4) is called strong solution to the Showalter-Sidorov problem (3) , (4), whenever it satises (3).
Suppose that (L, p)-radial operator M is strong for all x 0 ∈ X and f ∈ H p+1 (Y). Then, by results in [8] , there exists a unique strong solution x ∈ H 1 (X) of Showalter Sidorov problem (3) for equation (4) and it has a form
.
We denote by {λ k } the sequence of eigenvalues of the homogeneous Dirichlet problem for Laplace operator ∆ in Ω. Sequence {λ k } is index eigenvalues with respect to their multiplicities by descending. Denote by
Proof of Lemma 1 is given in [1] .
is called optimal control of model (1), (2) by solutions of the problem (3), (4), whenever
where
When for all x 0 ∈ X there exists unique optimal control v ∈ H p+1 ∂ (U) for model (1) , (2) of problem (3) , (5),(6).
Numerical Experiment
We calculate minimum of the functional J(u) on the subset of admissible controls using system of Maple 18 having built-in procedure for nding extrema of functions of several variables. Let us consider an example, which illustrates the results obtained above.
In
with Showalter Sidorov condition
Parameters of the equation are dened as follows: Fig.) .
Required observation and solution of the optimal control problem at s 2 = 1 2 at the nal time
